Objective-To compare by cross sectional study the quantitative heel ultrasound (QUS) variables broadband ultrasound attenuation (BUA) and velocity of sound (VOS) in male powerlifters and controls. Methods-Twenty four powerlifters and 21 sedentary male controls were recruited to the study. All the powerlifters were members of the British Drug Free Powerlifting Association and actively competing at the time of the study. A questionnaire was completed by all those entered into the study. This included a history of smoking and an estimation of daily intake of alcohol and calcium. For the powerlifters, the number of years spent training and time spent training each week was also recorded. The QUS variables of all powerlifters and controls were measured using a Cubaclinical II (McCue) ultrasound scanner.
Osteoporosis is now a major public health problem consuming vast resources. 1 Although rapid progress is being made in developing new treatments for established disease, the best long term strategy is likely to remain prevention. One of the modifiable risk factors is exercise, which can improve bone mineral density (BMD), which in turn may reduce future risk of osteoporotic fracture. Of all types of exercise, the most promising results have been with resistance exercise, which appears to increase BMD considerably. 2 The eVect on BMD of diVerent types of resistance exercise regimens varies in diVerent population groups. [3] [4] [5] Powerlifting is an example of extremely high intensity resistance exercise aimed at developing maximum strength in three specific weight training exercises: deep knee bend (squat), bench press, and deadlift. Existing small studies using dual energy x ray absorptiometry have shown that young male powerlifters have increased lumbar spine and whole body BMD, 6 and that junior Olympic lifters have a higher lumbar spine and femoral neck BMD. 7 In addition to dual energy x ray absorptiometry measurements of BMD, low quantitative heel ultrasound (QUS) variables are themselves a predictor of increased fracture risk. [8] [9] [10] In this study we investigate the association of powerlifting with the QUS variables broadband ultrasound attenuation (BUA) and velocity of sound (VOS). The aim was to compare these variables in male powerlifters and controls.
Methods and subjects
Ethical approval was obtained for this study and written consent obtained from all volunteers. Twenty four powerlifters and 21 sedentary controls who took no regular exercise were recruited to the study. All the powerlifters were members of the British Drug Free Powerlifting Association (BDFPA) and actively competing at the time of the study. The BDFPA has a rigorous programme of in competition and zero notice out of competition drug testing, which tests for all substances banned by the International Olympic Committee. Those tested positive receive an automatic lifetime ban from future competitions. All the powerlifters had competed for at least two years and were all of national standard.
Height and weight were measured in all subjects. A questionnaire was also completed by all those entered into the study. This included a history of smoking and an estimation of daily intake of alcohol and calcium. Calcium intake was scored from 1 to 3: 1, less than 1 g dietary calcium a day; 2, 1-2 g a day; 3, more than 2 g a day. For the powerlifters, additional information on number of years training and time spent training a week was also recorded. The QUS variables of all powerlifters and controls were measured using a Cubaclinical II (McCue) ultrasound scanner. Both BUA and VOS were recorded for all subjects.
STATISTICAL ANALYSIS
The statistical package SPSS for windows (version 8.0) was used for analysis. Results are shown as mean (SEM). Analysis of covariance was used to adjust the results for age, body mass index (BMI), cigarette and alcohol consumption, and dietary calcium intake. Table 1 shows the baseline data for the two groups including the results of the questionnaire. The mean (SEM) length of time for which the powerlifters had been training was 10.6 (1.6) years, and they trained for 6.5 (0.4) hours each week. The powerlifters were non-significantly older, and had a significantly higher BMI than the controls (30.4 (0.7) v 27.0 (2.4), p<0.01). Calcium intake was similar in the two groups. There was a nonsignificant trend towards lower consumption of alcohol and tobacco in the powerlifters. Table 2 shows the actual QUS variables and adjusted values. The mean BUA in the powerlifters was a significant 9.5% (95% confidence interval 0.7 to 18.3%) higher than the controls (105 v 96 dB/MHZ) and 15.6% (95% confidence interval 6.8 to 24.4%) higher after adjustment using analysis of covariance for age, BMI, and alcohol and tobacco consumption (108 v 93 dB/MHZ). The mean VOS was similar in the two groups, but, after adjustment for the above covariates, it was significantly higher in the powerlifters (1671 v 1651 m/s, p<0.01).
Results

Discussion
This study shows that the QUS variables BUA and VOS are significantly higher for powerlifters than for controls. Although the powerlifters trained for an average of 6.5 hours a week, the training typically consists of low repetitions with use of weights that are close to the lifters' single repetition maximum. The actual time spent performing resistance exercise during the training sessions is only a small proportion of the total training time, as long rest periods are required between exercises. The substantial improvement in QUS variables seems to occur with a limited amount of resistance exercise provided that the exercise is of high intensity.
In a previous study of 81 women, the CUBA clinical QUS system showed a significant correlation between level of activity and QUS variables. 11 Ultrasound has also been used to show increased QUS variables in young male gymnasts. 12 The results of this study add to information gained from previous studies. We have shown the ability of heel ultrasound to discriminate between QUS variables in powerlifters and controls, and the results obtained support the role of resistance exercise in improving bone QUS variables.
We would like to thank the BDFPA for their cooperation in allowing us to recruit lifters for this study during their competitions. Values are mean (SEM). Alcohol intake is given in units per week. Calcium intake per day: 1 = 1 g; 2 = 1-2 g; 3 = >2 g. BMI, Body mass index; Cpd, cigarettes per day. 
Take home message
Quantitative heel ultrasound measurements are higher in powerlifters than normal sedentary controls. This suggests that high intensity resistance exercise has a positive eVect on bone, but a prospective study is needed to confirm this.
